Objective This study examined how a history of myocardial infarction (MI) in a person's first-degree relatives affects that person's risk of developing MI and autoimmune diseases. Design Nationwide population-based cross-sectional study setting All healthcare facilities in Taiwan. Participants A total of 24 361 345 individuals were enrolled. Methods Using data from the National Health Insurance Research Database in Taiwan, we conducted a nationwide cross-sectional study of data collected from all beneficiaries in the Taiwan National Health Insurance system in 2015, of whom 259 360 subjects had at least one first-degree relative affected by MI in 2015. We estimated the absolute risks and relative risks (RRs) of MI and autoimmune disease in those subjects, and the relative contribution of genetic and environmental factors to their MI susceptibility. results The absolute risks of MI for subjects with at least one affected first-degree relative and the general population were 0.87% and 0.56%, respectively, in 2015. Patients with affected first-degree relatives were significantly associated with a higher RR of MI (1.76, 95% CI: 1.68 to 1.85) compared with the general population. There was no association with a higher RR of autoimmune disease. The sibling, offspring and parental MI history conferred RRs (95% CI) for MI of 2.35 (1.96 to 2.83), 2.21 (2.05 to 2.39) and 1.60 (1.52 to 1.68), respectively. The contributions of heritability, shared environmental factors and non-shared environmental factors to MI susceptibility were 19.6%, 3.4% and 77.0%, respectively. Conclusions Individuals who have first-degree relatives with a history of MI have a higher risk of developing MI than the general population. Non-shared environmental factors contributed more significantly to MI susceptibility than did heritability and shared environmental factors. A family history of MI was not associated with an increased risk of autoimmune disease.
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IntrODuCtIOn
Myocardial infarction (MI) is a leading cause of death worldwide and has several risk factors including family history. [1] [2] [3] [4] A meta-analysis of 12 case-control studies found a relative risk (RR) of 1.6 for future events in subjects with a family history of coronary heart disease (CHD). 5 Although recall bias is a potential limitation, self-reported family history has been commonly used in previous studies. [6] [7] [8] Family history of MI is generally available to physicians and several studies indicate that family history has been helpful in risk assessment. 2 3 9 Two previous studies evaluated the incremental value of family history over conventional risk scores with conflicting results. 10 11 Recent studies revealed that a detailed family history provides more information and helps to stratify MI risk. 9 12 Only a few studies have evaluated the effect of strengths and limitations of this study ► This study provides quantitative estimates of relative risks of developing myocardial infarction (MI) and autoimmune disease in individuals with a family history of MI. ► The strength of this study is the large size of the general population and the number of MI cases allowed detailed family history analyses. ► We used database-linked family histories of MI, which are more reliable than self-reported family histories and have been validated. ► We were not able to control for some important risk factors of MI, including smoking, obesity, blood pressure, lipid levels and physical activity. ► The analysis of relative genetic and environmental contributions is based on the multifactorial liability model, where the results are subject to assumptions.
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affected sex or specific type of family relationships on MI risk. 9 12 Atherosclerosis and autoimmune diseases share some pathogenic similarities and have a bidirectional relationship. 13 14 Autoimmune diseases are characterised by chronic inflammation and immune dysregulation, which characteristics are also found in the development of atherosclerosis. 14 15 These abnormalities may cause lipid peroxidation, platelet aggregation and arterial pathology. 15 Therefore, patients with an autoimmune disease are more likely to develop premature and accelerated atherosclerosis than the general population. 16 Given the similarities in immune-mediated inflammatory processes of the vascular system, some investigators have postulated that atherosclerosis is an immune-mediated disease.
14 To the best of our knowledge, no study has yet evaluated the coaggregation of autoimmune disease in families with a history of MI.
In this retrospective cross-sectional study, we evaluate the risks of MI and autoimmune disease in individuals with a family history of MI in their first-degree relatives as well as estimate the genetic and environmental contribution to MI susceptibility.
MethODs study population
The primary data source came from the National Health Insurance Research Database (NHIRD), which contains registration information and original claims data on all beneficiaries of National Health Insurance (NHI) in Taiwan since its establishment in 1995. The study population consisted of all beneficiaries enrolled in the Taiwan NHI system in 2015. We used data from the registry for beneficiaries, the registry for patients with catastrophic illness, and data sets of ambulatory care expenditures and details of ambulatory case orders. All patient records in the database are identified by their unique national identification number. To ensure confidentiality, identification numbers were encrypted before being released for research, although the uniqueness of the encrypted identification was retained to facilitate data linkage for researchers. Methods of identifying first-degree relatives and family relationship ascertainment have been reported previously. [17] [18] [19] Briefly, linear blood relatives and spouses can be directly identified using relationship indicators and unique national identification numbers. Full siblings of an individual are identified through shared parents. To analyse correlations among individuals from the same family, we grouped individuals into families according to their relationships.
Patient and public involvement
This is a database study using the Taiwan NHIRD. No patients or public were involved in developing the research question or outcome measures. No patients were involved in the design for this study. The results of the research were not disseminated to those study subjects.
No patients or public were asked to advise on the interpretation or the writing up of the results.
Case definitions of MI and autoimmune disease
The case definition of MI was a patient with a primary discharge diagnosis of MI as defined in the International Classification of Diseases, Ninth Revision, code. We only included patients' first diagnosis of MI. The diagnosis coding of MI obtained from the NHIRD has been validated with respect to its acceptable sensitivity, specificity and positive predictive value. 20 The case definition of autoimmune disease was a person with a catastrophic illness certification for a specific type of autoimmune diseases. The holders of a catastrophic illness certificate are entitled to a waiver for medical copayments. In order for a patient to receive a certificate for a catastrophic illness, the diagnosis must be supported by comprehensive clinical and laboratory assessments. This information is also required by the insurance administration for review by commissioned expert panels to confirm the diagnosis before the waiver approval.
Covariates
Factors that may confound or modify family associations were adjusted, including age, sex, family size, Charlson Comorbidity Index and socioeconomic factors (place of residence, occupation and income level). The place of residence for each individual was categorised according to the level of urbanisation, occupations were classified into five categories and income levels were categorised into sex-specific income quintiles.
statistical analysis
We measured the prevalence of MI among individuals with affected relatives and the general population. An individual who met the case definition of MI between 1996 and 2015 and had valid insurance registration in 2015 was defined as a prevalent case. The total population in Taiwan was used to calculate the absolute risk of MI in 2015. The RR of MI was calculated as the cases of MI among individuals with an affected family member divided by the cases of MI in the general population. We calculated the RRs for subjects with an affected first-degree relative of any kinship or an affected spouse. Because kinship and sex may influence family risk, we calculated RRs separately according to kinship and sex of affected relatives. We applied the standard ACE model to quantify the influences of additive genetic factors (A), common environmental factors (C) and non-shared environmental factors (E) accounting for individual differences in a phenotype (P). 21 The ACE model was expressed as: )/σ p , 2 which is the sum Open access of heritability and common environmental variances. We used the polygenic liability model to calculate heritability and familial transmission. [21] [22] [23] [24] The sibling RR, spouse RR and the cases of MI in the general population were used to calculate the heritability and the familial transmission. The common environmental variance was calculated as the difference between familial transmission and heritability. All analyses were performed using SAS software V.9.3.
results
The study population comprised 24 361 345 individuals (12 089 044 men and 12 272 301 women) enrolled in the NHI system in Taiwan in 2015, of whom 135 269 (33 762 women and 101 507 men) had MI, which is equivalent to an absolute risk of 0.56% (0.84% in men and 0.28% in women) (table 1). From the study population, 259 360 (1.06%) people had at least one first-degree relative with MI. Among these, 2255 had MI themselves (absolute risk 0.87%), 1502 had affected parents, 612 had affected offspring and 173 had affected siblings. For individuals with affected relatives, the age-specific prevalence of MI was significantly higher than in the general population (figure 1). Table 2 shows the absolute risk and RR of MI in individuals with an affected first-degree relative, according to relationship and sex Table 3 shows the age distribution of MI cases in Taiwan in 2015, including individuals with MI in affected relatives and in the general population. In subjects with affected relatives, MI cases increased most notably from the age of 30, which was 10 years earlier than the general population. Figure 2 shows that the RRs of MI in subjects with affected relatives are stratified by age. Younger individuals were associated with a higher RR of MI.
Using the threshold liability model, we estimated the accountability for phenotypic variance of MI to be 19.6% for genetic factors (heritability), 3.4% for shared environmental factors and 77.0% for non-shared environmental factors. 25 Given previously estimated parameters, the probability of a patient having sporadic MI was 83.1%. Table 4 shows the prevalence and RRs for autoimmune diseases in individuals with first-degree relatives with MI compared with the general population. The RR (95% CI) in individuals with first-degree relatives with MI was 1.41 (1.00 to 2.00) for polymyositis/dermatomyositis, 1.14 (1.01 to 1.28) for systemic lupus erythematosus, 
DIsCussIOn
In this study, we evaluated the familial aggregation of MI and coaggregation of autoimmune disease and MI in a population of more than 24 million. This analysis yielded five main findings: First, patients with at least one Figure 2 The relative risk of myocardial infarction (MI) in subjects with affected first-degree relatives stratified by the age of the evaluated subjects compared with the general population.
Open access affected first-degree relative were 1.76-fold more likely to suffer from MI than the general population. The sibling, offspring, parental, paternal and maternal history of MI conferred RRs of MI of 2.35, 2.21, 1.60, 1.72 and 1.53, respectively. Second, for individuals with first-degree relatives with MI, MI events occurred 10 years earlier than for the general population, and younger individuals were associated with a higher RR of MI. Third, the more frequently MI occurred in an individual's first-degree relatives, the higher that individual's risk of MI. Fourth, shared environmental and genetic variance played only a minor role in MI susceptibility, but non-shared environmental factors Open access accounted for more than three-quarters of the phenotypic variance in MI. Finally, a family history of MI in first-degree relatives was not associated with an increased risk for a majority of most of the autoimmune diseases. The increased MI risk associated with family history found in our study aligns with results of previous case-controlled and population-based studies.
3 5 7 9 10 12 A meta-analysis of 12 case-control studies yielded an RR of 1.60 (95% CI: 1.44 to 1.77) for CHD in individuals with an affected relative, 5 which is similar to our estimate of 1.76 (95% CI: 1.68 to 1.85) for subjects with affected first-degree relatives. The RRs estimated in some studies were greater than ours, however. 7 12 For instance, a nationwide population study in Denmark found high MI risks in subjects with an affected sibling (RR: 4.3, 95% CI: 3.53 to 5.23) or mother (RR: 2.4, 95% CI: 2.20 to 2.60), 12 which is higher than our findings for these relationships (RR: 2.35, 95% CI: 1.96 to 2.83 and RR: 1.59, 95% CI: 1.48 to 1.70, respectively). The Danish study only included persons younger than 58 years of age, which is a younger study population than the present study. Another case-control study, of women aged 18-44 years, also found a higher MI risk in subjects with affected siblings. 26 In the present study, we found that a family history of MI in first-degree relatives was associated with a higher RR of MI in younger subjects (figure 2). The more frequently MI occurred in an individual's first-degree relatives, the higher that individual's risk of MI. Similar findings were also observed in another Danish population study, which found that a history of MI in second-degree relatives was also associated with an increased risk of MI. 9 Although familial aggregation of MI has been shown repeatedly in previous studies, 1 7 12 it still has not been determined whether such aggregation is largely related to shared genes or environmental factors. Assuming spouses share similar familial environments but not genetics with other family members, they can be used to estimate the relative contribution of shared environmental factors to MI susceptibility. [21] [22] [23] [24] We found that shared environmental factors contributed minimally, only around 20% of phenotypic variance of MI was related to genetics. Non-shared environmental factors accounted for more than three-quarters of the phenotypic variance of MI. Compared with 43.9% of the genetic contribution of phenotypic variance in systemic lupus erythematosus, 19 genetic variance in MI heritability can be regarded as a minor component. 19 Given that multiple risk factors of MI, such as hyperlipidemia, hypertension and diabetes mellitus, have substantial heritability, [27] [28] [29] the genetic contribution of MI may be even lower.
It is still debatable whether autoimmunity plays an essential role in the development of atherosclerosis, 14 which is the underlying cause of MI in most cases. 30 Patients with autoimmune diseases are at an increased risk of suffering accelerated atherosclerosis and premature MI. 31 32 Despite findings in previous studies suggesting that autoimmune diseases share part of the pathogenesis of atherosclerosis, 13 33 the extent and contributions to disease manifestation may differ. Atherosclerosis starts with endothelial injury followed by subendothelial accumulation of low-density lipoproteins, which triggers macrophages and type one T helper cells to form atherosclerotic plaques. 34 35 Inflammation is initiated by the innate immune system oxidising low-density lipoproteins and is perpetuated by type one T helper cells that react to autoantigens from the apolipoprotein B100 in low-density lipoproteins. 35 Chronic inflammation activated by the innate immune system is responsible for most atherosclerosis development, in which autoimmunity only plays a minor role. In the present study, we found that there was no coaggregation of autoimmune disease in families affected by MI. Future studies are needed to confirm our findings.
Our results have several implications. First, the study provides quantitative estimates of absolute risks and RRs, familial transmission and the proportion of sporadic cases of MI. These estimates are valuable in clinical counselling. Compared with the general population, younger subjects with first-degree relatives with MI were at a higher risk of developing MI in the future. The absence of coaggregation between MI and autoimmune diseases suggests that further evaluation of different pathogenic mechanisms is required.
The size of the cohort and the number of MI cases allowed detailed family history analyses and contribute to the strength of this study. Additionally, instead of using self-reported family histories of MI, we used database-linked family histories, which are more reliable and have been validated. Moreover, self-reported measures of family history in previous studies often included multiple events (CHD, stroke and death) or cases with varying severity (stable angina, unstable angina and MI). 6 36 By comparison, we used only the primary discharge diagnosis of MI, which is a strict and validated endpoint that is subject to less misclassification and yields more interpretable estimates.
limitations Some limitations of the present study should be acknowledged. First, this study was confined to Taiwan. Although it covered the entire population of Taiwan, the results may not be generalised and applied to other settings. Second, the NHIRD is primarily a health insurance database that contains only limited information on clinical diagnostic criteria. We did not have access to all information concerning traditional MI risk factors, including smoking, obesity, index, blood pressure, lipid levels and physical activity. Third, the analysis of relative genetic and environmental contributions should be interpreted with caution because it is based on the multifactorial liability model, where the results are subject to assumptions. However, published data on other diseases, such as schizophrenia and systemic lupus erythematosus, support the validity of this model. 19 37 Finally, we cannot account for the effects of assortative mating, whereby spouses are Open access more phenotypically similar than if mating were to occur at random in a population.
Conclusion
In this population-based cohort study, MI was found to aggregate in families, and non-shared environmental factors seemed to contribute more to the phenotypic variance of MI than genetic factors. There was no coaggregation of autoimmune disease in families affected by MI.
